Background: The relevance of venous valves in varicose veins is still discussed controversially as, among others, the veins' wall weakness is accused to be the initial trigger of varicose veins. Thorough knowledge of their positions and frequencies will support understanding the pathogenesis of varices. Contrary to the incidences of valves in the femoral vein, no sufficient data about the positions of valves, particularly in respect to the saphenofemoral junction, are available; specifically in conjunction with the fact that terminal and preterminal valves in the great saphenous vein are missing in 10% of cases. Methods: The exact positions and distances of valves in both the common femoral and the femoral vein close to the saphenofemoral junction were studied macroscopically in 32 cadavers with a total of 63 veins. Measurements were performed from the saphenofemoral junction as reference point above and below. Results: Valves in the common femoral vein exist in 71% of all cases with a mean distance of 3.8 cm proximally to the saphenofemoral junction. Distal valves are present in 87% of all cases with a mean distance of 5.0 cm. In more than a half, a second distal valve can be found at about 9 cm, which has not been described yet. Females have a significantly shorter mean distance of this second distal valve on the right side.
The high prevalence of chronic venous disorders, 1 and the varying treatment options, 2 are the rationale for this anatomical study of the valves of the femoral vein near the saphenofemoral junction. Though venous valves should not be the trigger for varicose veins, 3 it is generally agreed that their incompetence is "a central feature in the natural history of primary and postthrombotic venous diseases," 4 and knowledge of their positions and frequencies will support understanding the pathogenesis of varices and allows for modifications of duplex ultrasound protocols for both epidemiological and clinical studies.
As the great saphenous vein and its tributaries are frequently affected in primary varicose veins, 5, 6 the function and distribution of those valves in particular have been studied by many authors. [7] [8] [9] [10] Terminal and preterminal valves are present in almost 90% of all cases. 8 Terminal valves exist close to the saphenofemoral junction and should prevent reflux from the common femoral vein. 7, 8, 10 Preterminal valves are located more distally and should prevent reflux from the other superficial inguinal veins, 7, 8 as the majority of varicose veins could also occur by insufficiency of the preterminal valve. 11 Due to the fact that terminal and preterminal valves are missing in as much as 10% of cases, venous valves in both the common femoral vein and the femoral vein (common/femoral vein) may also play an important role, 12 as reflux from the deep venous system could be considered as one initial point of venous incompetence. 13, 14 This is supported by the correlation between the absence of valves in the area above the saphenofemoral junction and the presence of family history. 12 Moreover, it has been reported that the prevalent progression of chronic venous insufficiency is associated with reflux in both the common/femoral vein and the great saphenous vein. 15 Contrary to the great saphenous vein, valves in the common femoral vein should exist more frequently in its proximal parts. 16 The frequency for a valve in the common femoral vein near the inguinal ligament has been stated from 67% up to 81% for Whites [17] [18] [19] and 93% for African specimens. 20 Most constantly, a valve should exist near the orifice of the deep femoral vein in about 90%, [16] [17] [18] [19] whereas in African specimens a valve should exist constantly 3 cm below the confluence of the femoral vein and the deep femoral vein. 20 A second valve below the orifice of the deep femoral vein should exist; 16 an average of three valves in the femoral veins below the saphenofemoral junction has been reported. 9 Although hitherto a good overview on the frequencies of valves does exist, no sufficient data about the exact positions or distances of the valves, especially in relation to the saphenofemoral junction, are available, even though venous hypertension based on reflux should result in chronic venous disorders. 21 Furthermore, a possible correlation between the absence of a terminal valve in the great saphenous vein and the frequencies and positions of valves in the common femoral vein, as is described by Rainer Gottlob, MD, (Vienna, Austria) and Robert May, MD, (Innsbruck, Austria) as an untypical condition, 9 has not been studied yet. Therefore, the aim of our morphological study was to find out first the distances, and additionally the frequencies of valves in the common femoral and femoral veins, above and below the saphenofemoral junction.
MATERIAL AND METHODS
We investigated the femoral veins of 32 specimens during the anatomical dissection course of students in the second year in our Division. There were 15 females and 17 males (mean age 81.18 years, minimum 56.5, maximum 103.25). Due to a massive scar tissue of one right saphenofemoral region, we had a total of 63 femoral veins. All cadavers derive from the Division for Clinical-Functional Anatomy of Innsbruck Medical University assigned to a specific use for anatomical dissection courses and scientific examinations. They were bequeathed to the Division by informed consent. By the end of Positions of valves in the saphenofemoral junction. cfv, common femoral vein; gsv, great saphenous vein; 1 st pv, first proximal valve (71%); 1 st dv, first distal valve (87%); 2 nd dv, second distal valve (54%); tv, terminal valve in the gsv (89.4%); ptv, preterminal valve in the gsv (90.3%).
Table II. Comparison of data from the literature with current results

Author(s)
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Distances between the inguinal ligament and the saphenofemoral junction as well as between the saphenofemoral junction and the junction with the deep femoral vein were derived from the values provided by Basmajian. 17 All data from the literature were transformed to a distance to the saphenofemoral junction.
the course, when students finished dissection of the saphenofemoral junction, we carefully exposed the common/femoral vein and the adjoining parts of the external iliac vein above the inguinal ligament. We disconnected the external iliac vein below the orifice of the internal iliac vein and removed it under the inguinal ligament. Afterwards, we disconnected the femoral vein proximally to the hiatus of femoral canal of Hunter and removed all other tributaries, except for the great saphenous vein. As we had extracted all common/femoral veins, including the adjoining parts of the external iliac and the great saphenous vein, we opened the common/femoral vein in proximal direction. We also opened the great saphenous vein, in order to inspect the saphenofemoral junction for the presence of a terminal valve. Then we cleaned the lumena with diluted formaldehyde and identified the valves macroscopically. The measurement was performed from the distal point of the opened confluence of the great saphenous vein to the common femoral vein, above and below this base point. We measured the distance of the valves with a tape measure and noted the results by means of a distinct protocol. Statistical analysis was performed by SPSS 15.0 (SPSS Inc, Chicago, Ill) and Excel 2003 (Microsoft Inc, Redmont, Wash).
RESULTS
A general overview about the positions of the valves is given in Table I . The frequencies of the valves are presented in Fig 1, and Fig 2 summarizes the positions and frequencies of the first proximal, the first distal, and second distal valve in the common femoral vein.
Valves on the left side. The first valves of the common femoral vein proximally to the saphenofemoral junction were found in 66% (21/32) with a mean distance of 3.8 cm (SD 1.58). A second proximal valve existed only two times, one at 5.6 cm and the other one at 12.0 cm. The first distal valves were present in 91% (29/32) with a mean distance of 5.1 cm (SD 1.93). Second distal valves existed in 50% (16/32) with a mean distance of 8.8 cm (SD 2.15). In one case we could find a third distal valve, 15.2 cm distant to the saphenofemoral junction.
Valves on the right side. First proximal valves were present in 77% (24/31) with a mean distance of 4.0 cm (SD 1.92). Second proximal valves were also rare; we found one at 11.0 and one at 11.5 cm. The first distal valves existed in 84% (26/31) with a mean distance of 4.9 cm (SD 1.14). Second distal valves were present in 58% (18/31) with a mean distance of 9.6 cm (SD 1.99). In three instances, there existed a third distal valve. Gender differences in respect of the mean distance of the second distal valves were statistically significant just in the right (not left) specimens (P Ͻ .05), as valves in females are closer to the saphenofemoral junction on both sides. We found no differences in the number of valves in respect of side, gender, and age. As expected, we found six cases where a terminal valve in the great saphenous vein was missing. Even though proximal valves in these cases were closer to the saphenofemoral junction; the relation was not statistically significant. Overall, all valves were bicuspid and none of them showed macroscopically deformations or changes.
DISCUSSION
Even though insufficiency of valves of the superficial and perforating system seems to be more frequent, 22 the prevalent progression of chronic venous insufficiency can be associated with reflux in both the common/femoral vein and the great saphenous vein. 15 This is confirmed by satisfactory results of venous valve surgery of the common/femoral vein. 23, 24 Hitherto, five imminent studies are known to the authors dealing with the existence and distribution of valves in the femoral veins. 17, 18, 20, 25, 26 These studies are difficult to compare as they describe the number, and, when presented, the position of valves in different relations. In 1881, Friedreich investigated 185 cadavers, in 137 cases he found a "valvular apparatus" in the proximal part of the common femoral vein, located between the inguinal ligament and 5 cm below, in 152 of 185 right legs (82.2%) and 148 of 185 left legs (80.0%), in 137 cases valves bilateral. 25 In 1951, Powell and Lynn investigated the veins of 27 subjects from the newborn up to the age of 84 years. 18 Out of these 54 legs, 40 are within the age range of our specimens. Powell and Lynn described a single valve in the common femoral vein in 72% with a distance above the junction of the deep and (superficial) femoral vein of approximately 6 cm, in two cases there were two valves. The single valve was situated "constantly at the level of the inguinal ligament," and "valves were absent in the common femoral vein of three subjects." Just 1 year after Powell and Lynn's study, Basmajian published the most informative investigation of 76 paired male limbs. 17 The measurements in the femoral veins were again related to the inguinal ligament. He found in 72 venous trunks, where both iliac and common femoral veins were examined, that 15 (20.8%) had no valves above the level of the great saphenous vein, 51 (70.8%) had one valve, five (6.9%) had two, and one (1.4%) had as much as three valves. Most of these valves were within the common femoral vein, although in eleven limbs there was a valve in the external iliac vein but none in the common femoral vein. When describing the common femoral vein alone, Basmajian found a valve at or within 5 cm below the inguinal ligament in 23 right (60.5%) and 28 left (73.7%) cases; in 18 cadavers they occurred bilaterally. Basmajian is also the only author who vaguely related the inguinal ligament to the saphenofemoral junction, when he wrote that "four (valves) were within 5 cm of the ligament and just above the mouth of the long saphenous tributary." Below the saphenofemoral junction, Basmajian found a valve immediately above the junction of the deep femoral vein in just one case and in four additionally cases there was a valve just below the saphenofemoral junction. The most constant site for a valve was just distal to the junction of the deep femoral vein (89.5%). Banjo found in 1987 in African specimens a valve between the inguinal ligament and the saphenofemoral junction in 169 of 184 (91.8%), and another valve between the saphenofemoral junction and the "profundo-femoral" junction in 13 cases (7.1%). 20 A detailed overview on these studies with our recent data is given in Table II .
One major disadvantage of these previous studies is the fact, that they refer their measurements to different structures, three times to the inguinal ligament. Basmajian even noticed this fact when he wrote that the inguinal ligament can not be identified accurately from the skin surface. 17 We changed our point of reference to the saphenofemoral junction, as this structure is assessed during the sonographic examination in any case. Therefore, our data will become better comparable to in-situ sonographic findings. On the other hand, it is quite difficult to compare our data with the previous studies as the distances between the inguinal ligament and the saphenofemoral junction, and between the junction of the deep femoral vein and the saphenofemoral junction, were not measured; for Table II , we assumed the mean values provided by Basmajian. 17 Another advantage of our data is the fact that we describe distinct measurements and do not categorize the position of valves into segments only.
In our series, a valve proximal to the saphenofemoral junction was present in 71% (45/63) of all cases. This correlates with the results of the other studies in Whites, [17] [18] [19] 26 but not in Africans. 20 The mean distance of this valve from the saphenofemoral junction was 3.8 cm (SD 1.76), whereas most of the cited authors described only a segment containing this valve. As venous valves in the external iliac vein are missing in approximately 75%, 17 these valves in the common femoral vein play an important part during the Valsalva Manoeuvre, 27 and their nonexistence may have influence to the diagnostic outcome. A valve in the femoral vein distally to the saphenofemoral junction was present in our specimens in 87% (55/63), therefore, less frequent than in African specimens, where such a valve existed in 100%. 20 Nevertheless, our data correlate with the other White results, where the incidence of a valve below the orifice of the deep femoral vein is published to be from 89.5% to 93%. [16] [17] [18] Furthermore, we found a second distal valve in about 54% (34/63) with a mean distance from the saphenofemoral junction of 8.8 cm on the left and 9.6 cm on the right side. This second distal valve was described in detail neither by Banjo nor by Basmajian. 17, 20 Only Powell and Lynn noted additional valves in the femoral vein. 18 Surprisingly, gender differences in respect of the mean distances of those valves were statistically significant (P Ͻ .05) on the right side, where valves of females seemed to be closer to the saphenofemoral junction than valves of males. This may explain that reflux in deep veins, detected by ultrasound, is more frequent in men than in women. 1 On the other hand, these findings might be due to the fact that only 18 cadavers showed this second distal valve. Further studies with larger case series will be necessary to qualify this possible bias.
Specification of a total number of valves in the common/ femoral vein is difficult, as the number of valves might reduce from birth to higher age, 6 a fact which may have influenced our investigated specimens. Nevertheless, their ages are distributed normally. On the other hand, such a decrease with age was not confirmed by Powell and Lynn. 18 These findings should facilitate further duplex ultrasound diagnosis of the sufficiency of venous valves, in particular as their distances to the easily accessible saphenofemoral junction are currently established. As venous hypertension can cause venous distension and valvular damage, 21 further studies will have to enlighten the functional influence in respect to the position of the valves. Due to the fact that venous valves are missing to such extent, at least about 30% proximally to the saphenofemoral junction and in more than 10% distally, further studies about the functions of valve in vivo are necessary. Even when venous valves should prevent a reflux of blood, 6,28 the movements of valves seem to depend on flow velocities rather than on reverse flow. 29 Additionally, valves are described to open and close 18 to 36 times per minute. 30 Investigations of the valves themselves, eg, measuring the size of the valves, the length of their leaflets, or the depth of the valvular pockets in relation to the vein's diameter will be necessary for more sophisticated functional models, as the topography of the valves alone, ie, their distribution and position near the saphenofemoral junction, cannot assert their possible role in the pathogenesis of varices. 
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